As part of the design process of surface mounted permanent magnet synchronous motors (PMSM), a combination of analytical calculation and finite element analysis (FEA) is proposed for the cogging torque calculation. The analytical methods are recommended for the initial design iterations in view of their high computational speed. In general, however, finite element analysis is more accurate and is therefore recommended for the final design iterations. In order to obtain continuity when switching from analytical calculations to FEA, two modifications are made to the equations upon which the analytical methods are based in order to improve accuracy. This is demonstrated by comparing the results from the unmodified and modified analytical method with those using the finite element method through their application using the nominal parameters of a Control Techniques Dynamics CTD 142UMC300 motor. Air-gap flux density calculations are compared as well as cogging torque calculations.
INTRODUCTION
The intention is not to improve the analytical method to the extent of replacing the finite element method but to Cogging torque is an unwanted but unavoidable improve it to a level where it is able to help the motor characteristic in permanent magnet synchronous motors. designer achieve a good 'first cut' design prior to use of Consequently, it is usual to design a PMSM with a the finite element method for refinement. It should be cogging torque less than 1.5% of the stall torque. To noted, however, that computational errors become more carry out the necessary calculations, analytical and finite significant (as a percentage of the peak cogging torque) element methods are available. In general, the finite as the design is improved to reduce the peak cogging element methods are more precise than the analytical torque. Although the calculation can be improved by methods but are more time consuming. In order for the better geometry and mesh creation, this will not design engineer to minimise the computational time eliminate the problem entirely. There are two main without compromising accuracy, it is proposed to use an methods upon which finite element programmes are analytical method to arrive at a rough design through based. The first is the Maxwell stress method and the some iterations using design parameters such as the second is the energy method. The Maxwell stress permanent magnet dimensions, followed by fine tuning method is the most common and its accuracy depends with finite element analysis.
on the contour location as well as the judiciously chosen mesh sizing. Rm has been implemented, based on the geometry of is the relative permeability of the magnetic stator and 
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This also yields a closer approximation to the ideal Figure 3 method based on equations (1), (2) and (4) for the non for the analytical formulae modified to cater for the tapered magnet design and additionally equation (6) for tapered magnet profile. As expected, the peak cogging the magnet tapering by variation of the outer magnet torque is reduced compared to non tapered case of radius of curvature and equation (7) for the bread-loaf obtained in Figure 3 . The modified formula for the tapered magnet profile therefore produces satisfactory In all cases, the air gap flux density and the results. corresponding cogging torque is plotted against rotor angle in degrees, two plots being displayed, one for the It must be noted, however, that a severe taper reduces analytical method and the other for the finite element the magnet thickness so much at its ends that it will method.
adversely affect the demagnetisation characteristics of the motor. the final design stage using FEA without an excessively Figure 4 Comparison of Finite Element and large number of iterations. It is suggested that similar analytical results for taper with Moff = 6.35mm modifications are produced to enable the analytical method to be applied to PMSM with other magnet geometries.
